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Cryptosporidium is a common cause of gastroenteritis and is associated with severe
life-threatening illness among immunocompromised individuals. This review aimed to
assess the efficacy of interventions for the treatment and prevention of cryptosporidi-
osis among immunocompromised patients. A search of Medline, Embase and other
electronic databases was carried out up to August 2005. Two reviewers independently
extracted data and assessed study quality. The relative risk for each intervention was
calculated. Seven trials involving 169 participants were included. Nitazoxanide and
paramomycin were associated with a relative risk (RR) of reduction in the duration and
frequency of diarrhoea of 0.83 [95% confidence interval (Cl) 0.36, 1.94] and 0.74
(95% C1 0.42, 1.31), respectively, showing no evidence of effectiveness. Nitazoxanide
led to significant evidence of oocyst clearance compared with placebo with a RR of
0.52 (95% Cl 0.30, 0.91). The effect was not significant for HIV-seropositive partici-
pants (RR 0.71, 95% Cl 0.36, 1.37). HIV-seronegative participants on nitazoxanide
had a significantly higher relative risk of achieving parasitological clearance of 0.26
(95% ClI 0.09, 0.80) based on a single study. No other intervention was associated
with either a reduction in diarrhoea, mortality or a significant parasitological response.
This review confirms the absence of evidence for effective agents in the management
of cryptosporidiosis. The results indicate that nitaxozanide reduces load of parasites
and may be useful in immunocompetent individuals. The absence of effective therapy
highlights the importance of preventive interventions in this group of patients.

Introduction

Cryptosporidiosis in humans is usually caused by the
coccidial parasites Cryptosporidium hominis and
Cryptosporidium parvum. Cryptosporidiosis affects
immunocompetent, particularly children under the age
of 5 years, and immunocompromised individuals world-
wide, especially HIV-infected individuals. It causes
diarrhoea lasting about 1-2 weeks, extending up to
2.5 months among the immunocompetent and a more
severe life-threatening illness among immunocompro-
mised individuals [1]. The World Health Organization’s
guideline for drinking water classifies Cryptosporidium
as a pathogen of significant public health importance,
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contributed in part by the organisms’ low infective dose
and resistance to conventional water treatment such as
chlorination [2].

Cryptosporidium has been responsible for major out-
breaks [3, 4] as well as sporadic cases of gastroenteritis
in the developed world [5]. Cryptosporidium is also
widespread in the developing world, with 10-30% of
individuals being asymptomatic cyst excretors [6]. The
frequency of cryptosporidiosis worldwide is often
dependent on HIV status.

Treatment of underlying immunosuppression with
antiretrovirals has been found to reduce the severity of
cryptosporidiosis in HIV+ patients [7, 8]; however, this
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is not an option in immunocompromised patients
without HIV. Effective treatment for cryptosporidiosis
will be a useful adjunct to antiretroviral therapy, particu-
larly in developing world settings where antiretrovirals
are either too expensive or not available. Cancer and
post-transplant patients would also benefit if effective
treatment were available.

Several antimicrobials have been proposed for the
treatment of cryptosporidiosis among the immunocom-
promised, with clinical trials suggesting potential ben-
efits of treatment with nitazoxanide, paromomycin,
rifabutin and macrolides. The aim of this review was to
assess the efficacy of interventions for the treatment of
cryptosporidiosis among immunocompromised patients.

Methods

Search strategy

We searched Medline, Embase and other electronic data-
bases up to August 2005. A search strategy that com-
bines a highly sensitive filter for randomized controlled
trials and subject-specific terms (Cryptosporidiosis or
Cryptosporidium or Cryptosporidium parvum) Wwas
used. We did not have any language or publication status
restrictions. For details of the search strategy see refer-
ence 9 [9].

Study eligibility and application of inclusion and

exclusion criteria

Two reviewers independently reviewed all identified
titles and abstracts. The full text of all articles considered
relevant by either reviewer was then assessed. Studies
were independently selected for inclusion. All random-
ized controlled trials of treatment interventions were
included.

Data extraction

Two reviewers independently extracted data in a stan-
dard form. Disagreements were resolved by consensus.
The following information was recorded: study setting;
year of study; patient characteristics (age and cause of
immunosuppression), intervention and control given,
cointervention (such as use of antiretrovirals), duration
of diarrhoea, location, outcome measures and the source
of funding.

Assessment of methodological quality

Allocation concealment and the Jadad Scale [10] were
used to assess the methodological quality of the included
studies. This scale scores three dimensions of study
quality: randomization, blinding and study withdrawals.
Conflicts in coding were resolved by discussion.
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Statistical analysis

A meta-analysis was performed to generate summary
point estimates and corresponding confidence intervals
for the relevant outcomes. Evidence for statistical het-
erogeneity of results was assessed using Cochrane Q y*
test and I? statistic. A significance level of <0.10 and I
>50% was interpreted as evidence of heterogeneity. If
significant heterogeneity was found, the results from the
random effects model were emphasized and the relevant
factors explored in subgroup analysis where data were
available. Analyses were performed with Cochrane’s
Review Manager (Version 4.2.7). The potential for pub-
lication bias was assessed by visually examining funnel
plots for evidence of asymmetry.

Results

The initial search identified 1503 potentially relevant
titles. Twenty-one papers in full text were considered for
inclusion into the review. Fourteen papers were excluded
due to the nonrandomized nature of the study [11-18],
the use of healthy, immunocompetent adults or children
[19-22], single patient trial [23] or the lack of adequate
placebo or comparator [24]. Seven randomized, double-
blind trials involving 169 participants were included.
There were 130 adults with AIDS enrolled in five
studies.

Methodological quality

Three studies had a Jadad score of five [25-27], whilst
the remaining scored four [28-31]. The method of ran-
domization (computer generated or table of random
number list) was appropriate in three studies [25, 27,
28]. The remaining four studies [26, 29-31] did not
describe the method of randomization. Within three of
these studies [25, 29, 31] patient and investigators blind-
ing was described. Concealment of allocation was clear
in three of seven studies. Four studies did not describe
the method of allocation concealment [28, 29, 30, 31].

Duration of diarrhoea, mortality and

parasitological clearance

The random effects summary estimate of the relative
risk (RR) for resolution of diarrhoea for the two studies
[25, 32] evaluating nitazoxanide was 0.83 [95% confi-
dence interval (CI) 0.36, 1.94], showing no evidence of
effectiveness compared with placebo (Figure 1). Amadi
et al. had data on deaths which showed a RR of 0.61
(95% C10.22, 1.63) among all 96 children based on five
and eight deaths in the intervention and control arms,
respectively. Nitazoxanide led to a significant parasito-
logical response compared with placebo among all chil-
dren with a RR of 0.52 (95% CI 0.30, 0.91). The effect
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Review: Prevention and Treatment of Cryptosporidiosis in immunocompromised patients (Version 02)

Comparison: 01 Treatment with Nitazoxamide versus Placebo

Outcome: 01 Comparison of resolution of diarrhoea with Nitazoxanide versus Placebo

Study Placebo Nitazoxanide RR (random) Weight RR (random)
or sub-category n/N n/N 95% CI % 95% CI

02 HIV seropositive participants

Rossignol 1998 10/20 21/34 —.— 44.94 0.81 [0.49, 1.35]
Amadi 2002 6/24 2/25 ———8——) 20.04 3.13 [0.70, 13.99]
Subtotal (95% CI) 44 59 ] 64.98 1.34 [0.35, 5.15]
Total events: 16 (Placebo), 23 (Nitazoxanide)

Test for heterogeneity: Chi* = 3.10, df = 1 (P = 0.08), I? = 67.7%

Test for overall effect: Z = 0.42 (P = 0.67)

03 HIV seronegative participants

Amadi 2002 5/22 14/25 B — 35.02 0.41 [0.17, 0.95]
Subtotal (95% Cl) 22 25 i 35.02 0.41 [0.17, 0.95]

Total events: 5 (Placebo), 14 (Nitazoxanide)
Test for heterogeneity: not applicable
Test for overall effect: Z = 2.09 (P = 0.04)

Total (95% Cl) 66 84 ’ 100.00 0.83 [0.36, 1.94]
Total events: 21 (Placebo), 37 (Nitazoxanide)

Test for heterogeneity: Chiz = 5.62, df =2 (P = 0.06), I = 64.4%
Test for overall effect: Z = 0.42 (P = 0.67)

0.1 02 0.5 1 2 5 10
Favours Nitazoxanide  Favours Placebo

Review: Prevention and Treatment of Cryptosporidiosis in immunocompromised patients (Version 02)

Comparison: 01 Treatment with Nitazoxamide versus Placebo

Outcome: 02 Comparison of number of individuals acheiving oocyst clearance with Nitazoxanide versus Placebo

Study Placebo Nitazoxanide RR (fixed) Weight RR (fixed)

or sub-category n/N n/N 95% ClI % 95% CI

01 HIV seronegative patients

Amadi 2002 3/22 13/25 —= 41.55 0.26 [0.09, 0.80]
Subtotal (95% CIy 22 25 e 41.55 0.26 [0.09, 0.80]

Total events: 3 (Placebo), 13 (Nitazoxanide)
Test for heterogeneity: not applicable
Test for overall effect: Z = 2.35 (P = 0.02)

02 HIV seropositive participants
Rossignol 1998 5/21 22/49 — 45.07 0.53 [0.23, 1.21]

Amadi 2002 5/24 4/25 13.38 .30 [0.40, 4.28]
Subtotal (95% CIy 45 74 - 58.45 [0.36, 1.37]
Total events: 10 (Placebo), 26 (Nitazoxanide)

Test for heterogeneity: Chi* = 1.48, df = 1 (P = 0.22), I? = 32.4%
Test for overall effect: Z=1.02 (P = 0.31)

Total (95% Cl) 67 99 - 100.00 0.52 [0.30, 0.91]
Total events: 13 (Placebo), 39 (Nitazoxanide)

Test for heterogeneity: Chi* = 3.73, df = 2 (P = 0.16), I = 46.4%
Test for overall effect: Z = 2.28 (P = 0.02)

-
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0.1 02 0.5 1 2 5 10

Favours Nitazoxanide Favours Placebo
Review: Prevention and Treatment of Cryptosporidiosis in immunocompromised patients (Version 02)
Comparison: 01 Treatment with Nitazoxamide versus Placebo
Outcome: 03 Comparison of mortality with Nitazoxanide versus Placebo
Study Treatment Control RR (fixed) Weight RR (fixed)
or sub-category nN n/N 95% ClI % 95% ClI
01 HIV seronegative children
Amadi 2002 0/25 4/22 L 53.92 0.10 [0.01, 1.73]
Subtotal (95% CI) 25 22 e 53.92 0.10 [0.01, 1.73]
Total events: O (Treatment), 4 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 1.59 (P = 0.11)
02 HIV seropositive children
Amadi 2002 5/25 4/24 46.08 1.20 [0.37, 3.94]
Subtotal (95% CI) 25 24 46.08 1.20 [0.37, 3.94]
Total events: 5 (Treatment), 4 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.30 (P = 0.76)
Total (95% Cl) 50 46 < 100. 00 0.61 [0.22, 1.63]
Total events: 5 (Treatment), 8 (Control)
Test for heterogeneity: Chi2=2.81, df = 1 (P = 0.09), I2= 64.5%
Test for overall effect: Z = 0.99 (P = 0.32)

0.001 0.01 0.1 1 10 100 1000

Favours Nitazoxanide  Favours Placebo

Figure 1
Studies evaluating the effectiveness of nitazoxanide for the treatment of cryptosporidiosis
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Review: Prevention and Treatment of Cryptosporidiosis in immunocompromised patients (Version 02)
Comparison: 02 Treatment with Paramomycin or placebo
Outcome: 01 Comparison of the number of individuals with decreased stool frequency - Paramomycin and placebo
Study Placebo Paramomycin RR (fixed) Weight RR (fixed)
or sub-category n/N n/N 95% ClI % 95% Cl
White 1994 5/10 7/10 ——— 49.21 0.71 [0.34, 1.50]
Hewitt 2000 5/14 8/17 . 50.79 0.76 [0.32, 1.80]
Total (95% Cl) 24 27 ‘ 100.00 0.74 [0.42, 1.31]
Total events: 10 (Placebo), 15 (Paramomycin)
Test for heterogeneity: Chiz = 0.01, df = 1 (P = 0.92), I2 = 0%
Test for overall effect: Z = 1.05 (P = 0.30)

0.1 0.2 05 1 2 5 10

Favours Paramomycin Favours Placebo

Review: Prevention and Treatment of Cryptosporidiosis in immunocompromised patients (Version 02)
Comparison: 02 Treatment with Paramomycin or placebo
Outcome: 02 Comparison of the number of individuals with oocyst clearance - Paramomycin versus placebo
Study Placebo Paramomycin RR (fixed) Weight RR (fixed)
or sub-category n/N n/N 95% ClI % 95% ClI
White 1994 5/9 6/9 — 49.30 0.83 [0.40, 1.76]
Hewitt 2000 4/18 6/17 —_— 50.70 0.63 [0.21, 1.85]
Total (95% Cl) 27 26 - 100.00 0.73 [0.38, 1.39]
Total events: 9 (Placebo), 12 (Paramomycin)
Test for heterogeneity: Chiz = 0.19, df = 1 (P = 0.66), 12 = 0%
Test for overall effect: Z = 0.96 (P = 0.34)

0.1 0.2 05 1 2 5 10

Favours Paramomycin

Figure 2

Favours Placebo

Studies evaluating the effectiveness of paramomycin for the treatment of cryptosporidiosis

was not significant for HIV-seropositive participants
(RR 0.71,95% CI 0.36, 1.37). HIV-seronegative partici-
pants on nitazoxanide had a significantly higher RR of
achieving parasitological clearance of 0.26 (95% CI
0.09, 0.80) based on a single study.

Two studies [28, 31] showed no evidence that para-
momycin is more effective in reducing the frequency of
diarrhoea than placebo with a summary RR of 0.74
(95% C10.42, 1.31) (Figure 2). The use of paramomycin
does not significantly lead to a parasitological response
(0.73, 95% CI 0.38, 1.39).

Only one study [27] compared the effect of spiramy-
cin with placebo. No outcome data were presented on
diarrhoea duration or frequency. There was no difference
in mortality between the two arms of the trial (RR 0.43,
95% CI 0.04, 4.35). Spiramycin did not significantly
lower oocyst concentration compared with placebo (RR
0.88, 95% CI 0.37, 2.05).

The RR for decreased stool frequency for those on
bovine dialysable leucocyte extract with placebo was
0.19 (95% CI1 0.03, 1.19) from one study [26]. There was
no evidence of a significant decrease in stool volume
[mean difference of 4.74 (95% CI 0.75, 8.73)] or of
reduced oocyst concentration (RR 0.24, 95% CI 0.04,
1.44).
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A pilot study [30] of five patients randomized to
receive bovine hyperimmune colostrums showed no evi-
dence in improvement as assessed by volume of stool
following 10 days’ infusion of bovine colostrums (RR
3.00, 95% CI 0.61, 14.86). There was no evidence of a
reduction in oocyst concentration per ml of stool (RR
0.27, 95% CI 0.02, 3.74).

Secondary outcome measures (adverse effects)
occurred infrequently in all studies. A variety of adverse
effects were reported. None of the papers reported suf-
ficiently similar results to allow a meta-analysis of
adverse effects. Similarly, none of the individual trials
reported data on tolerability to allow a comparison. In
one study [29], nitazoxanide use was ‘probably related’
to a case of viral myocarditis (none in placebo group)
and two cases of vomiting (one in placebo group). In
another study [25], 58 adverse events were observed but
none was considered related or possibly related to the
blinded intervention. Twelve adverse events were
reported by 11 patients in the nitazoxanide treatment
group, compared with 14 adverse events reported by 13
patients in the placebo group. The adverse events
included abdominal pain, dyspepsia, constipation,
yellow discoloration of urine, dysuria and dry mouth.
Two adult patients had episodes of dizziness which



resulted in discontinuation of therapy. No side-effects of
paramomycin were noted in one study [28], while the
second study [31] did not report adverse events. The
spiramycin study did not report adverse events. Patients
on bovine dialysable leucocyte extract experienced no
adverse signs, while bovine hyperimmune colostrum
caused nausea and vomiting in two patients and mild
abdominal cramps in one patient. One control patient on
bovine colostrum also had nausea and vomiting.

Discussion

The studies presented in this review are disparate in
design and several are small in size. Based upon the
paucity of evidence, we were not able to demonstrate the
effectiveness of any therapeutic agent in the treatment of
immunocompromised patients with cryptosporidiosis. A
significant effect on parasitological clearance was
observed with nitazoxanide when all patient groups were
included. A randomized, double-blind, placebo-
controlled trial was excluded because the target popula-
tion is not immunocompromised [19]. This study found
nitazoxanide treatment reduced the duration of both diar-
rhoea (P <0.0001) and oocyst shedding (P < 0.0001).
The effect of nitazoxanide in immunocompromised
patients needs investigating in a larger trial. Given the
severity of this infection in immunocompromised indi-
viduals, nitazoxanide may be worth considering in this
group of patients pending the availability of further evi-
dence for efficacy. At present the use of fluid and electro-
lyte replacement and antimotility agents may be the only
option for most immunocompromised patients.

The absence of effective therapy highlights the need
to ensure that infection is avoided. Unfortunately, evi-
dence for the effectiveness and cost effectiveness of
preventive interventions is also lacking. Studies of inter-
ventions for the prevention of diarrhoea (not specifically
due to cryptosporidiosis) have recently been reviewed
[33]. The authors reported that multiple interventions,
hygiene and water quality improvement measures sig-
nificantly reduce the levels of diarrhoeal illness.

Since the emergence of AIDS, medical interest in the
diagnosis and management of cryptosporidiosis has
increased dramatically. There are currently several pub-
lished practice guidelines for the prevention and treat-
ment of cryptosporidiosis [34-36]. Unfortunately, most
of these guidelines rely on poor-quality studies. For
HIV-infected patients, highly active antiretroviral
therapy, which can lead to complete resolution of clini-
cal symptoms and oocysts [37, 38], is the mainstay of
preventing and managing cryptosporidiosis.

Nitazoxanide is rapidly hydrolysed to an active
metabolite, tizoxanide (desacetyl-nitazoxanide) follow-

Treatment of cryptosporidiosis in immunocompromised individuals I

ing oral administration. The exact mechanism of action
on Cryptosporidium remains unclear, but data from
anaerobic protozoa and bacteria suggest that tizoxanide
interferes with the pyruvate, ferredoxin oxidoreductase,
enzyme-dependent electron transfer reaction, which is
essential to anaerobic energy metabolism [39]. Paramo-
mycin, on the other hand, is a non-absorbable aminogly-
coside, which binds to prokaryotic ribosomes resulting
in a decrease in protein synthesis [40].

The development of new therapies must rely on
knowledge of Cryptosporidium biology. Progress in
developing tissue culture systems capable of sustaining
C. parvum infection for in vitro test of therapies has been
achieved only to a limited degree [41]. A large number of
antimicrobial drugs have been tested in animals and
humans infected with Cryptosporidium with no clear
evidence of consistent effectiveness against this parasite
[42]. The completion of the genome sequence of C.
parvum [43] provides an important opportunity to
understand the mechanisms of resistance, identify
targets and produce candidate agents. Recent advances
in our understanding of the mechanism of resistance
have shed light on the reasons for treatment failure.
Unlike other parasites, Cryptosporidium salvages pyri-
midine and purine bases from its host [44], thus remain-
ing resistant to antifolate drugs which usually inhibit the
de novo synthesis of these nucleotides. C. parvum relies
on inosine 5’-monophosphate dehydrogenase (IMPDH)
to produce guanine nucleotides and is highly susceptible
to IMPDH inhibition [45]. Both ribavirin and mycophe-
nolic acid, which inhibit IMPDH, have been shown to
have dose-dependent effects on C. parvum development.
It appears very likely, based on these observations, that
more effective drugs for cryptosporidiosis will be
designed. Large-scale randomized controlled trials and
cost-effectiveness studies of agents to treat cryptospo-
ridiosis especially among immunocompromised patients
are needed.

The studies were limited by variation in important
indicators of quality such as allocation concealment,
description of randomization, as well as power and drop-
out rates. The paramomycin study by White et al. had a
high drop-out rate and was underpowered. The study by
Nord et al. was very small (five participants). For three
interventions, only a single study was identified, there-
fore a meta-analysis was not possible. Due to the small
number of studies, identified formal assessment of pub-
lication bias using funnel plots and Egger’s test was not
possible.

In conclusion, there is no evidence to support the role
of chemotherapeutic agents in the management of
cryptosporidiosis among immunocompromised indi-
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viduals. Some evidence of effectiveness for nitazoxanide
in a combined population of immuno-competent and
-compromised individuals was identified and is worth
further study. Supportive management including rehy-
dration therapy, electrolyte replacement and antimotility
agents will remain the main treatment strategies until
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better drugs emerge.
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